Though aging of resin composites has been the subject of several investigations, the correlation between strength and water uptake has not been established. Therefore, the purpose of the present study was to determine whether a statistically signifi cant correlation exists between biaxial fl exural strength and weight gain due to water uptake for two commercial restorative composites, one methacrylate-based and one silorane-based. Discs (15 mm in diameter by 1 mm thick) were made with either Filtek Z250 or Filtek Silorane (both from 3M ESPE) and dry-stored for 30 days. Then, they were weighed in an analytical balance and immersed in distilled water at 37°C for 1, 2, 5, 7, 30 or 60 days (n = 10). After the immersion period, the discs were re-weighed and immediately fractured on a "piston-on-three-ball" device. Mass gain (in percentage) and biaxial fl exural strength data were subjected to two-way ANOVA / Tukey test and Pearson's correlation analysis (α = 5%). Mass gain was similar for both composites in a given storage period, and did not vary signifi cantly between one and seven days. For Filtek Z250, biaxial strength decreased gradually with prolonged immersion, while, for Filtek Silorane, it decreased abruptly between 30 and 60 days. Statistically signifi cant correlations were found between strength and mass gain for both composites. However, a stronger correlation was found for Filtek Z250 (r = -0.706, p < 0.001) compared to Filtek Silorane (r = -0.361, p < 0.01). Therefore, it was possible to conclude that strength is linearly related to water uptake and this correlation is material-dependent.
IntroductIon
The effect of solvent immersion on the mechanical properties and unreacted monomer elution of resin composites has been extensively studied since their early days. 1, 2 The reason for such concern is self-evident, as the consequences of these occurrences are numerous, ranging from esthetical issues (discoloration and change in surface texture)
up to, most importantly, severe reductions in mechanical properties and potential biocompatibility issues. 3 In spite of the constant improvements in composite formulation over the last decades that resulted in improved clinical performance, composite longevity in humid environments remains a critical issue, 4 as clinical studies report bulk failure as one of the main causes of failure in composite restorations. 5 Composite degradation in the oral environment is the result of water molecules penetrating the polymer chains, releasing residual monomers and weakening the secondary bonds, as well as the degradation of the filler-matrix interface. 6, 7 Water sorption initiates as soon as the composite comes into contact with oral fluids and, according to in vitro studies, a significant change in mass is detected between three to five days of immersion. 3, 6 The amount of absorbed water depends on the composite organic and inorganic composition, as well as its degree of conversion. For example, the more densely reticulated and more heterogeneous is the polymer structure, the higher is the sorption. 8 In unfilled monomer blends, the reduction in tensile strength observed during a 12-month immersion period was directly related to resin hydrophilicity. 9 The type and size of filler was also demonstrated to influence the amount of water absorbed by a composite. Experimental composites containing barium glass absorb more water than those containing quartz; in addition, only the barium glass particle size was inversely related to the amount of water absorbed. 10 The effect of prolonged water immersion on the mechanical properties of resin composites has been extensively studied. Flexural strength of dimethacrylate-based composites determined by three-point bending showed reductions between 16% and 24% after 30 days in water. 11, 12 After 90 days, dimethacrylate-based composites presented reductions between 25% and 65%, while a silorane-based composite showed a 15% decrease in strength. 13 In general, flexural strength, elastic modulus and fracture toughness tend to stabilize after six months of immersion. was used to calculate the percent mass gain using the following formula:
After determining the mass of the specimen following immersion, the disc was immediately fractured under flexural loading in a "piston-onthree-balls" device positioned in a universal testing machine (model 5565, Instron Corp., Canton, MA, USA). The biaxial flexural test followed the ISO 6872 standard. 18 The testing device has three steel spheres with 2.5 mm in diameter placed 120° distant from each other on a 10 mm diameter circumference. The specimen was positioned concentrically with this circumference and the load was applied by a flat piston with 1.2 mm diameter, at a to processing flaws, such as edge defects that act as stress raisers. As a consequence, data scattering is decreased and specimen failure stress is a closer estimate of the actual tensile stresses. 17 Therefore, the purpose of this study was to determine whether a correlation exists between biaxial flexural strength and water sorption in two commercial resin composites, one dimethacrylate-based and one silorane-based, measured in the same specimen. The null hypothesis was that there is no statistically significant correlation between weight gain and the reduction in mechanical strength for the tested materials. results
MaterIals and Methods

Mass gain after water immersion
Means and standard deviations for mass gain are displayed in Table 2 . The interaction and the "composite" factor were not statistically signifi- 
Biaxial flexural strength
The results for biaxial flexural strength are displayed in Table 2 
dIscussIon
The present study aimed at correlating water uptake with the reduction in strength caused by hydrolytic degradation of two commercial composites.
Statistically significant correlations were found between biaxial flexural strength and mass gain after water immersion; therefore, the null hypothesis can be rejected. The experimental design did not include the assessment of the "true" water sorption, since the desorption stage described in the ISO 4049 16 specification was not performed. Consequently, the variation in mass recorded at each immersion period was the result of the water uptake offset by the leaching of non-reacted monomers and oligomers.
Considering that specimens were immersed after 30 days of dry storage (i.e., fully cured) and assuming that the majority of the eluted species are released in the first 24 hours of immersion, 3 it is licit to assume that the change in mass after day one reflects predominantly the water uptake.
At a given immersion period, the two tested materials presented similar mass gains, even though they differ both in their organic and inorganic con- Though correlation analysis does not imply a direct "cause and effect" relationship, it has been established in previous studies that hydrolysis of the resin matrix and the resin-filler interphase are the main mechanisms of composite degradation. 6, 7 Aging studies show different results in terms of the effect of prolonged water immersion on strength.
While in some cases the immersion for periods varying between 30 days to three months did not cause significant reductions in strength, 11, 20 other authors found statistically significant reductions in mechanical properties after 30 days 24 and six months aging in water. 6 Though such discrepancies can be ascribed to a different choice of materials, 13 most of the above-mentioned studies in-
cluded Filtek Silorane among the tested materials.
In this case, the discrepancy may be explained by 
